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“adietion shielding requirements herve imposed many problems on the 
nuglesr field, Amomg these preblew hes been the determinettion or pree 
diction of the effeet of volde or alr ducts on a gamae field, 4 number 
of related experiments have teen comlucted at Osk Adee Notional Laboew 
ratory, Sreckhaven Yetions] Laberatery, and the Nuclear Asroapsce Ise 
seerch Yecility, Theee heve heen directed toward verifying annlytiaeal 
methods for predicting the effeete ef ducts end voids. 

This investication was umterteken te messure the canna field in 
water rewulting from a Cobalte50 source, The effect cf a duct was ine 
yeatignted by meamurenantse beth in end eut of the water medium, ‘The 
meassurmments were made wsing the ahield tenk fecility ef Towa Strte 
University's Of4el0 reactor, ‘iseeciated with the tenk fecility wes an 
instrument bridge for pesitioniag jetection equipaent inside the tenk, 

The investigetion previited the photen energy spectrum st esch 
apatisl] point in sidition te reletive count ratea and dese ratea. The 
pheten flux smi energy spectrum specified the amount of redistion at 


exch point. Integrste? doae rates were deternined in ar/hre 
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A Lerge esmount of past literature concerning the effect of ducts 
or volde wes eless! fied when originally cublished, “hie ueterial was 
greduslly jecless( fie! or reizaned as unclassified inforastion, The 
Qak UWige Netione] Laberatory CoreeHtole “sellity mend aulk Gatelal ng 
Paellity tozether with the Yreokheren sti onel Laborstory LijelTsnk 
Shielding Facility previded the bulk of early duct experimenta, | Jee 
soriotion of there facilities {#2 civen by Joidatetn (3), 

“eaguremant of the effreat of volis wes cede by Pratt end Fouts (7). 
Their investigation ineluded beth syliniriesl] ni aphericr)] voiis of 
veriqus gsisea in a weter medium, The detection evuipment was placed 
outelicde the water medium with pile game serving es the soures, The 
reletive ocosition of the juet to the source vag held conatent. Count 
rates vere obtaine: for iifferent detector positions ent shield thicke 
nezees by raising and levering both the water level ani tetector, 

More recent tiavestizetions include thoee of Cellins (2) ari Clerk, 
et sl, (1), Collins detertine! the dese reter abeve a weter shield 
heving # sincle dunt. 4 hhhewm “ebelte4C source vas pleeei at one end 
of a Jain, tuct, Clark meanere! the goama vraiiation streaming through 
a duet peneteeting the wall of » shielied recom, 4 15,S— scurce was 
suspeniad in the center of the room, ‘ome cates ive to radiation panee 


trating ine inet were ierivet from wasgurenmmts amie cutatde the room, 





These inveetirsetions were concemed with duct stressing anil 
scettere? gama redistion outeide tha shielding sedtum, They were 
erimarily underteken te prove er disprove verious theoretionl techni tues 


fer extimating shield requirements, 
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The shiel? tank Peeility of the U?#e10 prowi-ied the weter me iia 
for the inveetigstien, This tank «sa 5 ft by & ft by 118 ft hieh, fn 
{netrasent bridge at the tep ef the facility end « kh ing Hanoter 
gluminum tube previded three=jimenston-1 positioning of the istecteor, 

& plasiziose cene protects! the ietector from waster, “setrieal leoada 
were contelne! in 2 70 ft pllable plastic tube, ‘The lastrueent briire, 
plastia case, ani tube ere shown in “gure 1. 

Phe cuct ver on sluminun tube 3 in, in linmeter, 9 ft long, snd 
57 wiles thiek, Tt «se suspented by en inverte UT shered braekot 
attsched to the duct with a gin. ‘‘eaeter pin, ! rot, pseee? throwh 
the opening between the top of the tube ent the rounded curve eof the U, 
supporte: the funt. The pin throuch the top of the tube was perpene 
d4euler to the ret provi ting freede: of roietion shout twee stem, The 
tu ‘sorees of PresJom allowed the cunt te Aame vertierslly, 4 sum waa 
waide te the other end sni fille! «tk lasd to srovise neqetive buayene 
ey to the tube ond to see] the submerged end. The method of suspend ag 
the ‘met is pletured in Figure 1. 

t 1,1S=me Sobalt-‘3 source was used, the sources vas place! in the 
center of @ paper cup sal lewere?) Inte postition in the wl atle of the 
wuet, ith the ‘vet pleced in the tank the source waa noel tienes aes 
shown tn Pigure 2» 

£ seintilletion ietecter, Nunleer “hieero aoiel a5, wee veed, 


“he cryutal weg a theillumesctivate! soitua lofide cyliacer lin, ta 








Pigure 1, “etector, tuct and inatrument bridge 











diemeter by 1 in, long, 4 single channel, *uclesr Chiesgo radtotion 
analyser, model 1216, wae used for messuriag the energy spectrum, 
Counting vas actenaplishsd with e Yuaclear Chiesre ultrescaler molel 
W7Aer, The rescivinge time of *he Tirat electronic tecade of this 
aceler wee 1 wieresec. The mexiamm count reste woe Liatited Sy the 


meghenienl recister to 170,COG ons, 











Figure 2. Forition ef the source in the shield tank 


instrument bridge 





88 in. 


109 in, 
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Pricr to making the seesuresents pertinent to the twrestigotion, 
the water tenk wae surveyet for background, The baeckyround ret ation 
everaged shout 100 epm with enerzies less then 100 kev. The resetor 
had been idle for several houra prior to the tine of messurement ree 
ducing the beckground nornelly associated with frequent high cover 
operations, 

Tt wee deaireble to aoprexiaate as closely a8 yossible the een 
ditions eof « source in # o¥lindries. duct gurreunded by on infinite 
sttematiag aeiium, This of ceurse reguire! axial ayametry about the 
source, The geoectry of the lavestigation lenied itself aeturelly to 
eylindries] esectinatea vith the centerline of the tuet as the exis. 

The symmetry was toaveatizetei by making a nummer of counte et 
Various pesitions abeut the exis eni at constant vertios] di¢tences 
from the geurce, The source wos placed 75 ft fren three of ‘he tenk 
walle and 3 ft from the fourth (nerth) well, ‘The source wes et s 
depth of Lb im, 

fhe scunt retew meer the elose yella were 763 percent higher thm 
those obtained fer the same radius en the north ratial., This in- 
creased count rate could be attributed te the prexiaity ef the vslls 
trl change in erientation between the detector ani souree, “ositions 
below the plane of the seurce restetere4 eoumt rates at low mnerry 
thet were 10 pereent higher then correspentding rosltions shove the 


selene of ecurce, This wes attributed te the L-tn, Haneter probe that 
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resitieone? the detector, “hen the istector ozs below the plene of the 
source the probe provide? more saattering effect to the detester, fhe 
effect of the probe vouls not be «a wrest shove the acurce as heleow the 
SOUL. 

The effect of seattertne by water and acetterinas ty the detector 
boay waa comperet ocuteide the tenk, The plexiglass cese wae filled 
with water plinesd between « detonator and # Cesium-137 source sai en 
energy epectrun weertured, 4 “etactor body was placed in the try cese 
emi the snaectrum messure! for wortous confiruretions of the ietector, 
The cenfirsuretion daterstned to be clesest to thet of the water was the 
complete detentor leas the lead ring shout the lucite Licht pipe. This 
tmtentor wes placed in the weter end count rates mete with the ¢detecter 
fasting in empontte Tireetiena. The count retes vith the Jetestor 
peinting avay froe es retietion source vere ebout 1 rercent higher than 
tmose pointing toverd the source, 

‘enarture from syumetrice] cenditiong could be attributed to the 
detector, the positioning probe, the tank walls, sn) the lead ballast 
at the bottom of the ‘set, faclonting these eccnditions sni sssuni ng 
am infinite sedium intretaced a emell but secepiable error, * sevend 
gouroe of error secerted wes the aggsummtion that the plexisclase case 
avout the detector crystal sitenunte? the rsiietion the same sg “ster. 
The density ani electron iengity of plexicleage is very nearly the same 
RG Water, 

rior to making the acseavremente pertinent to the invertiyzstion 


the erysial was removed from toa .etector, the sasermtly checked for 





1? 


leakege of Weht to the photemelitelter en] the preamplitior ebeaked 
for hizh volteze noise, Ho contribution to the count rate wes de 
tersined, The cryatel wee replaced, The cetector, anclyeer oni geszler 
were reeslibretet with a Cesuimeli7 souree, 1 cemplcte “esiun photoe 
peak was amtabdlished on! = resolution ef 157 wes isternined for the 
tain end window width selecte? "or *he snentrum, “eslum was used fer 
calibration because it reoresented the wldpeint energy, “4? kev, of the 
Cobslt—“0 spectrum, 

The duot wae pleced in the ftenk ond the source lowerad inte 
rpesition, The exset vertices] sn¢d herfigontel pesttion ef the source wee 
deteretoed by making » verti¢e] on sorigontesl eurvey with the snealyser 
aet at the crerpy of the primers Teobalte“) photon. “he pesition of the 
source vee goosivered ihe orisin af the oylinirios! ecordinstes, 
Shenves in the deteeter postition were aeie relative te the source, 

4n @nercy apectrun wea menmuce! at e>ch selected periftion in the 
tank, § willow width af 160 kev was used for “se enercy interval, 
Count rebes ware merseure. Cor exch LOGekey interval up to 1,406 “ey, 
Seunts vere °eken for 1 alnute, 4 spectrum wea mensured for 7 points 
vlong each of  radisl lines exteniing from the iact certerline, The 
radials selected were 15, 3, 50 end 75 om above the souree os in “4 gure 
?, the pointe meneured on each retial ware 5S, 7, 10, 15, 25, 35 end 55 
em from the duet centerline, “hree rotnts were mevsured slant a reiial 
in the plane of the sourne 76, 35 end oS ow from the ‘uct geaterliag, 

fn order to check the teohnique of this inveatigetion, tha axe 


periwent jeserthed by Collings (7) wen tipliested as clevely as possible, 
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Te etector wes place? petntel iowmwerd Sin, shove the uster surfsce, 


"ne gsouree wee place’ in the uct 17 in, below the water surface, 


woilel mesgurencnts were sede 0, %, 11, 16 em’* Flom Prom the fuct 


centerline, “he mearvrenent on thea centerline required prerttioning the 


eryetel pertly inte the mouth of ‘he ‘uct, Teo atesurementa nesr the 


eet bountery vere sevroximetes ‘y making sseeuresente shove the tact 
mouth and nerasliging to the messurements s% the centerline, 
A third warilation of this exeritam’t vas centugtei without the 


4uet, The source was anclosei in @ emsll clastic waterproof capsule 


and lewered (nto the tenk, FYeasvrencnta were mete along 9 horiszentel 


line % em above the seurce, The results of thie erranvesent vere 


foapered with values theoretically ‘oterained, 





LA 


tO Si ef Peli oO gr +a = o: j wer ite! 


Heskerouns ams ecine! tenes eorrectlons were moolied to the ecunt 
yates, “orrecte? count reteas are terulsted in Tables ? through h? is 
the spoeniix, In omier to transform the count rete ‘ate a ierse rate 
1t was neceesery to, firet, jetermine the rete that photons vere 
striking the orystel ana’, secondly, tresform the ~noton rate into 
a gous flux ec] then to a o©r¢ rete, 

The gelector wan samined to be eo ieotropie detector, thet is, 
the particles were messura’ «esmelly, irrespactive of thet r Hreett on 
Of trarel, Tie ssgump-tion «es an arcroxtuation in this case becauss 
of two ermliitions, The Mret cendition invelrved tee replecsement of 
the volume of water with the voluaa of tee fetentor toby weif{seent to 
the crystal, The eeeon) coniition ‘uvelvad the tetenter eryetal 
shape, The cryste] Ni sot present exagtly “he seme srogs sections} 
area nor the seme thickness in ell tirections, “reliminery count rates 
menaguret in the water tank th veriens orientetions between source 
ond Jetactor gsupgerted the validity of sssue’ng en taotrople ietector, 
fn iigel isetropiec detecter trenente en eres thet hes a ermal] alweys 
oointed in the tlreetion ef sotian ef the photene being counted. This 
ie e property ef s sphere, 46 ecaivelent aphere for this eylin’rical 
erystel «ag neeumet 'o heve e cross sections] sea of 1.6 square in, 

“ognovereien ef count rote te nugrer ef rhotona avtriking the 
aryetel cer unlit time cequired tie use of two retiog caletlete? ant 


tavulated Sy “Aller ent toow (Si, “he interaction ratio te the ratio 
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of the number of cammes that interret et least once to the number thst 
snter the eryetal, “he paotofrection ia the frection of ‘nterscti ng 


reomas inet is completely sbaorbed, The frection of the canmas herring 
a mertioular anergy ond are counted at tmat energy is the provuct of 
the pnotefrection and the interestion ratio, These ratios were celou- 
leted by a Mente Carle method thet simuleted netusl procenses unmiere 
gone by ineldent cammn raye servi 21] subsequent ratintion, The retioa 
wery with enirry, position of source snd sise of eryatel, The ratios 
were plotted versus enercy for e lin. by loin, hich erystel with the 
scourge on the face of the eryptel, ‘ppropori ste values of the two 
mvtica for the exnerimentel anersy intervels vere egatimeted from thie 
CUSV Ee 

fae predust of the two ratios t1¢ net leat immedi steely to 
eenvrerrion Crem count rete to photon rete over all ef the energy 
apectram, The highest oclimars energy of CobalteSO waa Meret cone 
miderec, “he ecunt rate at tre iiffwrestial energy naterrs] thet 
tneluied the hlenest enarsy Cohalte(d camme recresented those pha tons 
thst sere ces letely ebsorved vithin the crystei, The nuster of 
shotena cermin hevine tiie smount of energy thst strack the oryetel 
was jeterminegd by the prejuct ef the ceunt rete, the recipreceal of the 
rhotofraction eni the reciproes] of the interaction retio, The total 
mavher of photona per min that actuslly interacted sith the soryetel 
wes the orotuct of the esunt reste end the reetrrarel of the shotoe 
fraction, The ‘4 fferanes between the sumbar of phetons interact np 


on the eryetrl en the nunher counted rerresente! the photon thet 





16 


lest only a pertion ef their energy weile interett ag et th the eryrtel, 
Theae phetons were vienal(se! og entering the crystal, experiences nag 
one or sere agatterine events and esespineg from the crystel prier to 
comlete vheerpticn, "There photons were setually courted et lover 
enervies and oansequently contributes +o tnerecsing the count rete et 
the lever energies. This phenomenon of contributing to lover enerry 
cunt rates by higher energy photons wee gi¢nificent wi required 
eomrensation, fhe centribution te seesurei count rates ‘rom thotens 
of a perticuler energy intervs] wee asauee? to be esully distributed 
anong the lower emercy intervele, This sasumrtion nerlested tha fore 
ward senttering effect cheracteriatic of high enercy shetens ond eny 
tafiuenee cf crystel size ant shape on this phenomenon, The follow! ne 
develope s relotion for the eijusteent sprlied to the sount rate of 
any energy intervals 

i = energy interval sutscript (4 © 1, ?, oo. Ui) 

r ws interssticn ratie 

f ww ghotefrecti en 

Y os corrected count rete, enm 

vi wm sifugted count rate, opm 

2 = photon rate, shotena per wia 

* w« gituetment to the caunt rete, cpm 


j © enerzy aubsorint (4 « 1, 2. one 1-1) 








(5 « 0) 
wm- j 
1-4 
a, = ¥, = 244 
i a 
fr 


The development of ‘he shave relettona «sa baeed en the egjueli ty 
of the sorrected count rate ani the oiimneted rete for ithe hichrat 
ener. y intervel ({ «© 1), The sbeve equetions were applied in turn to 
esoh energy interval ceemencing with the Bieheat. interwasl to ‘eternxine 
the pheton rate inei<dent on the cryetel, These esleulstions were made 
For the energy srectrum st each cpolnt unier invertivetion, The pheton 
rate ‘neltident on the erygetel vss tebuleted tn "ables ¢ throuch 473, 

The tooe rate ef # cesition wes setermined from eaiation 539 dn 
Seldatein (7): 


"Eee | \ talt tel Besar 


ra 
a e conttent depen ‘ant en the untte jestred 
w_(“) * true fenecey) M@sorption seeffietent Tor gir 


Tg(8,F) « Yg(r,"} © energy flux err unit energy 
3g(F, 7) 2 * number flux ¢? photons «ith energies between 
| ' 2 
ay? + 3, photens per om see 


The followine epprosimition wee cede: 


V4 


(B) = Duel Ny¥o (Fey) Dt 
1 





Pe 


The enerey tnterval AF wes 100 kev, The feth enerey ons token of the 
midpoint enerey of each intervel, thet ls, ‘he Sase setting of the 
enalyser plus oneenslf the window width, “#2 acmrer flux vas dee 
terwines from photon rete en: the easumed 2.0 square in. cress section. 
The dose rste is mrfhr for eech Leth eneryy lntervel i9 tabuleted tn 
Tables ? throwsh b3. She integrated .o¢e reste st asch exncrimnatal 
point is tebuleted im Tebles 1, kk ant 45. 

The statistical error oom treated se cegeribed in Pelee (4), 
Feriedic tenta were made ic chetk the rancoamess of the mezgurementa, 
the atemterd dewistica was ietermine. Tor the correttes count rete, 
the pheten rete ani Jose rete, “he saximarn etenisri deviation for the 
intersrated tone rote wes 2,3 ver cent et ine furthest coiat frow the 
eourne, ‘he sinisum standesd error van 0,1 per cent at the closest 


peint to the soursé. 
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ane (es COP ON 


the fere rate vareve rgsiiel isteuve from the duct centerline 18 
gletteas in “igare 3 fer each rodial, Phe position of the mesraraqnent 
ose inken as the center of the crystal volume, “ace the volume wzs 
finite the clonest sessurenent to toe het eecurrel vith the erystel 
face flush ageuinat the tube, The redial in *he clane of the scuree 
wea not ioverticated any closer te the «uct then “Of om because of the 
high cownt cetes thet were obtained, The tareresai ng aecnitade ef the 
Slepe at thin ra tal suscestei the sormal ‘neresre of «nee rate a8 th 
radiue from the acurce Jeercaset, The influence of the ‘uat «sa 
gopacent in tha succersively hither rociela, The fuct influenced the 
foae cate close te thea tunt proportionstely wore oni sore as the 
vertion) iistence ineresset, “his wae iue to the photons stream ng 
torovrh the ‘yet, “ore photous of igher energy were ale to travel 
ue the daet and be seattered to ‘he poet tions along the racials than 
wowld heave been the cage £94 they trevele! antirely through tre water 
weal’ Wits 

Miwure hh is etutleae te eure 3 ascert thet the reliel Mstence 
from the ‘uct certerline (8 Hels constant “hile the cogs cate is 
Dlotte! verrus vertier!] tistence, The eenterline of the ‘uct, thet 
is the redius equel +o zero, was net messured, ‘ll the surves of 
eure | should ries to « finite seaxtmum st the plene of the source 
gad fell of f ee verties! distance felis >elow the enuree, “sls maxi- 


mum wee Jpmongteote: -y the curves reprementtas revitial f stances of 











Pizure 32, “ote rata ag a funtion of redial distence fro tuct 
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Figure i, “ose rete eg a function of vertices] distance from the ae “ne 


Dose rate (mr/hr) 
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25, 35 amd £5 am, Pointe clerer then ?C om sleny the vraciel in the 
Slane of the gseurte vere not seasurrd heoause of tiwsh tount retes, 

Azure 3 compared the radiation Tieli vith the wat ani +ithout 
tha duet 26 a vertioal itetence of am, The Naturbance in the field 
for thie radiel begen 2% shout 10 om racial dietence, “his wes etuival- 
ent to an angle of 19 Jegreee from the duet eenterline with the eource 
as the origin, Similar plane earles ef 11, Mi ont hS decrease were ine 
yeaticated by creas clotting from Figure 3, Figure 5 shews the varie 
ation ef sege rate with dtetence from the source for each of the three 
Pleme engles, tn addition, the iose rate vag cletted for a point source 
in en iafiwite medium uging belld up feecters ae contained in Furrey (6), 
The 3 end iS degree powitieng fell slong the pase curve, This indi- 
ented the effert of the vold Md cot extend bevend the “0 fegree angle, 
The 15 derree positions in“ieeted thet the vold jos effect the gomme 
fisid te »t least toia mgle fres the duct eenteri'ne, Ar expected, the 
curve representing 1: Jesreee end the curve recresenting 30 end 45 
Jegrees beran serging st iistenees close ta the sourna, “he curve, 
eeloulsted Pras build up faeters, wan ‘nelude? to caemare theoretics] 
Aose reatee ith seesered dose reteg 2% ligtentes uneffect«] by the 
Auet, ilthough ‘iffertne somewhet ic wercaitwie the eslewuleted an? the 
neagured curve egree is ehape sai reletien with Jlateme, 

Migure & ¢nmoeres values messurei ty sxperisent “ith velose ¢elcue 
leted fres build up feetera, The exevrimentel doce rate referred to 


that nesacred « thout the ‘vot and slone a Aorisental Line oririnating 


wn pae™ Ps stem seal 


mee “Et 











Figure 5. lose rate ss » function of radial distance from the eouree 
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Figure §, ‘aperiments] end enleuleted dose rates without the duct 
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30 om sheve the source, This line tupliested the 3%) em redicol tn the 
Suot meewurement, The caleulated dose rate referre) te that celouleted 
from buildup feecters eaguning an Lactropic peint “obslte‘O source in en 
infinite water medium The difference betueen eslaulate? dete end 
neannred asta vaerlea from 5.5 percent Hreatly shove the source to 75.7 
pement at the furthest peint messured, This 18 a reetenshle veri ation 
between meseurei sni esleuleted dose rates, Loeevinger, Japhe end 
frowne]1 (),) estimeted the sacouracy of Jose buildup feetcre te reage 
from 5 to % percent, These bulldug factors vers enleulsted by 
Goldatetn emi tabuleted in (3), (Lj amd (6), 

The final pertion of the iovertigetion lavelwed the ettenpt to 
duplicete the resulte of Tollins (2). The primary difference between 
the seometry cf “Collins! experiment end that of this experivent wea the 
extension of the duct owt of the enter, The cenetrection of the tube 
used for this ‘tuct required thet 1% extend out of the veter 8 «ini mas 
of 2 hin. The duct used by Collins was apprex!sctely flush with the 
surface of the woter, In aidition, the soures used by “ollins was lihhe 
me: ami wee powitisned at the center line of ‘he ‘uct os one side ef 
water eti¢l? with the letecter pertticnes en the other atde, The 
source of this inveatiertion wea surrounded by weter, except for the 
tyet, sheve sni below the source, The trpe of detector used hy Collings 
weg unknown, ‘lesuite free Celline (°) were sermaliaed to the strength 
ef the eoures veead in this expertewent., The comperieon, incitested by 


Wigure 7, ex@ in close sgreesent neor the duct, At 3 om from the duct 


Figure 7. Coenerison of experiments] metsurements 
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genterline screement wos within 10 perrent, The higher doce rete for 
this axperinent st oem probably cesulted fron the sesttering ze dium 
below the source, This effect wag <aat se notiaeshle near the duct 
since the éose rste wes more lepenient on unecollicied photens er phetons 
nose the uneollided energy. “igure 7 also compares the experimental 
dese rete teken ont of the water with the deme rate frow the corresponij- 
{ng 30 em rediel nespured in the water sedium, The close agreesent ine 
fiested thet the nergurement Lmen outsida the saieliing aeilus eould 
he used in Liew ef the measurement nsce withia the weilus. 

™e ascreement with theory in one cease oni an inleponient experi 
ment ine gecent case fustifies confidence im the wergured cone retes, 
These retes sre suiteble for conpartecn with anslytiar] teabniques Jee 


veloped te pretiet tae effect of a duct, 
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AOMAT FOR? TUATHGR ety 


4 masher of arces for future investicstion became apparent aa 
thip experiment progress¢!, In Pigure 3 the effect of the duct became 
more pronounced cs Ustance sien the ‘oct lnereesed, This effast 
should be lovecticates using tucte ef other Mameteras, “ervlts from 
such an investigation would demonstrate any effect due to the inet siwse.e 

Figure 7 indicated, for one redial, inat tose retes sensured cute 
aide the shiel@iang wediun «ere in clese egressent «i th thoes naerured 
in the metiue, Before this sgreement could be generslly eacected for 
ell] redisia, en investigation shoul) be made with verious thicknesses 
of the wetfem, The vee of differest sttenuating mediums would further 
broaden the inveetiszation, YertMesticn of agreement between aersaure~ 
mente iosiie end outei je the medium would reduce the need fer making 
mersuraucnte within » medium during tavestigation of durts, A further 
aren of study would be the effect of courer mergy on the gawan field 
abeut a dust, This same investigation could be comucted using other 
sources. Jama ratistion from ‘ha reactor theetal column could be ine 
vestigated with verious types of tacts including iuete vith bends, 


elbows and obstructions, ni multiple ducts, 
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frem this experiment the fellowlag conclusions sassy be strted: 

1, the gsreaence of @ duct im a shielding medium ieerezsed the 
fone rate in the vicinity ef the Juet, 

?. Jose ratee fer the zanems ftel: influence? by a duet spe 
preached the valuse for ao tust as the jistemce frou the jaet incresse7, 
Yose rates rescred the limiting (ne ivet) dose rate dthin 3 degrees of 
the duct centerline, 

3. “He influence of the tuct wea more pronounces? as the Iistance 
riong the jJuet lnereseed, 

be Motes tank feet lite wes 2 sulteble infinite water mediues, The 
saperimentel geometry was sotisfactorily aywmetriesl. 

5S hie detector and counting equipsent aetiafacterily Jetersi ned 
dffarentizel Jose rates ss low 98 0,005 arfar end intesrsted dose rates 
na low ac C,1 ar/hr, 

§& The eppliestion of thes photefre-tien end interaction ratte 
was succesefsl in converting *ount rete to dose rate, 

7. “eseturements mede outsiie the ahielding medium aey sperexi- 
mate those asia insite the medium for the same shield thickness, snd 
should be tovestic2ted sore theroughly for eon“*irmstion, 

R, The tntecrsate!’ ‘ome ~stes were saff' ciently sceursta te proe 


“ie excaeri ments] comrsrison for ‘heortetiartly letern' ned rates, 
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Cempletion ef thie lovactinetion would herve been imeorcithle vi the 
wut the @ireetion ent sesisteace cf %, Cleam Morohy rot Mrw oe% 
Seeacer, Toe oppertunitg for advanced stay ong orewl ied by The 7,5, 
Veen Forteracwete “Suedtional Progr, 

I weh to exerese wy erotitode fer tae encourepemant, an) peti ant 
entursnee of wy festig throughewt thie turestigation oi the pest three 


years of stulye 
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AP POR IX 





“shle l, Tnutegrstet dese rate 


ROE a eer arte ee 2 Rte Co oe) re ae: RS ete At PT Rp ed RRO tine ost 








Yortiar] sistance tfadtal ‘lateace ‘ese rate “tan ard 
from source from duet Aerietion 
(om) (om) (ar/hr) (ar/ar) 
G 70 18, 438 0,031 
6 35 4.172 G,013 
¢ es nal | C,005 
1S 5 30.612 0,082 
1§ 7 76 9 ih O.chl 
15 30 70,659 0,03h 
15 15 1 Eee oe | 0.997 
15 25 6.2734 G,O17 
1s 25 O.6% 0,905 
0 5 ReT8S 0,079 
% qT 7e?T7 6,619 
% 10 5.90? 0,014 
*) 15 ye, 536 G.012 
58 25 70552 O00 
» 35 1.3? G07 
0 55 O, 39? C063 
SO 5 24% CG, 009 
40 7 1.915 0.004% 
sO 10 1.509 0 O07 
0 215 Le1lxX C006 
XO es 0.737 0,.0€5 
SO 35 Oeh69 G.00b 
50 65 0.171 0,002 
75 S$ 0.4345 0.0051 
T5 16 O. 4510 C,00%1 
() 15 0, 733 0.0076 
7 BS 0, 1648 C0030 
15 5 0.1257 60,0017 
75 55 O.M60k O.ccu, 


ed ed Re RY a a ig tai eR RAN, OY AE on ela oleae ERTIES 2K 
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